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Introduction 

Mass  spectrometry  is  often  used  to  investigate  explosives,  both  in  unexploded  and  post  - 
exploded  forms.  This  paper  investigates  the  application  of  a  small,  remotely  piloted  helicopter  to 
collect  explosive  gas  for  mass  spectral  (MS)  analysis.  The  unmanned  air  vehicle  (UAV)  system 
was  used  to  safely  sample  and  detect  leaks  of  propane  gas,  but  the  method  might  be  applied  to 
other  hazardous  gases. 

Objective 

The  specific  objective  of  this  study  was  to  determine  if  a  small  helicopter  could  be  used  to  sample 
an  explosive  concentration  of  gas  for  analysis  by  mass  spectrometry.  We  further  wished  to 
determine  if  the  explosive  hazard  was  caused  by  either  an  accidental  release  of  gaseous 
hydrocarbons  or  by  intentional  use  of  high  explosives  such  as  TXT,  RDX,  PENT  etc.. 

Background 

One  recent  case  investigated  by  the  federal  government  was  the  Herrig  Brothers  Poultry  Farm 
propane  explosion  that  occurred  in  Albert  City,  Iowa,  on  the  morning  of  April  8,  1998.  In  the 
investigation  report  (1 ),  the  explosion  was  determined  to  be  the  result  of  a  propane  leak.  The 
normal  method  of  monitoring  of  propane  leaks  after  explosion  poses  a  safety  risk  when  done  by 
hand.  Using  this  case  as  the  working  model,  we  set  forth  to  determine  if  the  RC  helicopter 
system  will  allow  safe,  remote  monitoring  of  propane  leaks,  and  use  mass  spectrometry  to 
confirm  the  results. 

Methods  and  Equipment 

Propane  Detection 
Detecta-Gas 

A  Detecta-Gas  Portable  gas  detector  DB2000G  (2)  was  attached  to  the  RC  helicopter  to  detect 
propane  leaks.  The  detector  was  operated  according  to  the  instructions  shipped  with  the  unit. 

The  Detecta-Gas  Portable  gas  detector  is  simple  to  use.  Remove  the  protective  sensor  cap,  turn 
the  unit  on  with  the  power  switch,  the  buzzer  will  sound  and  the  red  LED  will  illuminate.  Once  this 
has  stopped  and  the  green  LED  lights,  the  unit  is  ready  to  detect  gas.  Move  the  sensor  to  the 
area  to  be  tested  for  gas;  an  alarm  will  sound  when  the  unit  detects  gas.  The  sensor  was 
mounted  to  the  RC  helicopter. 

Draeger  Tube 

Air  was  drawn  through  the  Draeger  tube  (3)  by  modifying  the  air  intake  of  the  helicopter  engine  to 
verify  the  presence  of  propane  gas  after  the  test  run.  The  amount  of  air  drawn  through  the  tube 
could  be  varied.  The  propane  concentration  was  determined  by  comparing  the  color  change  with 
chart  included  with  the  Draeger  tubes. 

Helicopter  Used  in  Experiments 

A  specially  modified  Bergen  Observer  RC  helicopter  was  chosen  as  the  aerial  video  platform  (4). 

Procedure 

1)  Propane  detector  mounted  to  the  RC  helicopter  and  turned  on 

2)  Fresh  Dreager  propane  detection  tube  attached  to  air  intake  on  helicopter. 

3)  Wireless  camera  and  digital  camera  attached  to  the  helicopter 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

01  OCT  2005 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Mass  Spectrometric  Forensics  of  Explosives  Using  A  Remotely  Piloted 
Small  Helicopter 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army,  Aberdeen  Proving  Ground,  ECBC,  Gunpowder,  MD 
21010-5424 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM001851,  Proceedings  of  the  2003  Joint  Service  Scientific  Conference  on  Chemical  & 

Biological  Defense  Research,  17-20  November  2003. ,  The  original  document  contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

uu 

18.  NUMBER 
OF  PAGES 

3 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


4)  Slow  leak  (1  Ib/hr)  from  a  20-pound  tank  of  propane  started  by  turning  valve. 

5)  Helicopter  hovered  near  fuel  tank,  up  wind  and  down  wind 

6)  Red  LED  on  Detecta-Gas  could  be  seen  in  wireless  video  image 

7)  Mass  spectrometry  and  Dreager  tubes  confirm  propane  present 


Results 


E.l.  MASS  SPECTRUM  OF  PROPANE  GAS 
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Detecta-Gas  Portable  gas  detector  DB2000G 

1)  No  signals  from  propane  detector  up  wind  from  propane  tank 

2)  Signals  were  observed  down  wind  from  propane  tank 

3)  Weaker  signals  down  wind  up  to  20-30  feet  from  propane  tank 

4)  Strongest  vapor  detection  was  recorded  from  the  on-board  detector  when  the  engine  on 
RC  helicopter  was  off  (after  landing),  rotor  stopped  and  wind  was  light  0-5  MPH. 

Conclusions 

The  initial  results  indicate  the  method  used  for  sampling  hazardous  gases  using  a  remotely 
piloted  vehicle  is  reasonable.  The  best  results  for  the  on-board  detector  were  achieved  when  the 
helicopter  was  landed  downwind  and  turned  off.  The  best  results  for  confirmation  from  MS 
analysis  of  the  sampling  tubes  was  when  the  helicopter  was  hovered  just  above  the  ground, 
downwind  of  the  source.  This  indicates  that  the  air  disturbance  caused  by  the  rotor  affected  the 
quantitative  results,  but  provided  adequate  qualitative  results  to  provide  a  basis  for  further  action. 

Findings: 

1)  The  combination  of  RC  helicopter/propane  detector/wireless  video  gave  clear  indications 
of  the  point  source  of  propane  DOWNWIND  without  igniting  the  propane 

2)  The  combination  of  helicopter/propane  detector/wireless  video  did  not  give  any  indication 
of  the  point  source  of  propane  UPWIND  from  the  source. 

3)  Mass  spectrometry  and  Dreager  tubes  confirmed  presence  of  propane 

4)  Strongest  signals  from  the  detector  were  obtained  when  a.)  helicopter  on  ground  b.) 
engine  shut  down  c.)  rotor  not  spinning  d.)  calm  winds  (0-5  MPH)  e)  helicopter  downwind 
from  gas  release  point 
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The  modified  RC  helicopter  used  to  perform  the  remote  sampling.  Note  the  gimbal  mounted 
video  system. 


